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DRAFT 



DRILLING FLUID POLYMER COMPOSITION 



This invention relates to the use of polyvinyl pyrollidone as a shale inhibitor 
for aqueous based drilling fluids. 

One major problem which can occur when water based fluids are used as drilling 
muds is reaction with rock containing clay minerals (shales) which leads to 
hydration of the rock and subsequent hole stability problems. 

Adsorption of water to the wellbore rock leads to swelling with resultant 
stresses and failure such as wellbore expansion, stuck pipe, excessive rheology 
and general drilling problems. 

In order to prevent these difficulties aqueous based fluids are formulated with 
a variety of salts and polymers which reduce the tendency for water to hydrate 
the rock and may encapsulate drilled solids to prevent disintegration. 

A second alternative is to avoid the use of water based drilling fluids and 
drill with oil based muds. 

However, oil based mud is expensive and is increasingly becoming unacceptable 
on environmental grounds. 

Water based drilling fluids contain a wide variety of salt components at 
varying concentration to reduce shale hydration. 

These include sodium, potassium and calcium chlorides, potassium carbonate, 
sodium acetate, calcium sulphate and other materials known to those in the 
industry. 

Although such additives provide a degree of inhibition it is normally required 
to include a polymeric species to provide further beneficial properties. 

These may include carboxylated celluloses, polyacrylamide and derivatives, 
sulfonated co-polymers, xanthan gums, hydroxyethyl cellulose, starch and other 
water soluble colloids. 

The polymers may be designed to adsorb strongly at the rock surfaces, acting as 
protective colloids to reduce water adsorption and prevent hydration. 

Typical products would include partially hydrolysed polyacrylamide (PHPA), 
carboxymethyl cellulose (CMC) or polyanionic cellulose (PAC). 

In all cases these polymers are of an anionic nature to provide a charged 
molecule which will adsorb to the rock surface. 
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Similar anionic polymers are used as fluid loss additives to control the 
filtration characteristics of the drilling fluid. 

In order to minimise fluid invasion to the porous drilled rocks and hence lower 
losses of fluid during drilling, fluid loss additives are an essential 
component of the drilling mud. 

Components include CMC, PAC as above, sulphonated polymers, starch and other 
colloidal products. 

However, to ensure good performance at high temperature the polyanionic 
substituted materials such as CMC, PAC and sulphonates are commonly used. 

The combination of salts, fluid loss polymer additive and shale inhibiting 
polymer therefore provides the basis for an inhibitive drilling mud. 

Other components may include viscosifiers such as clay, xanthan gum, HEC 
polymer to provide suitable rheology, weighting materials such as barytes or 
haemetite designed to adjust the fluid density and minor components such as 
dispersants, biocides, lubricants to provide a complete mud package. 

However, it has been found that in highly reactive formations, that is rocks 
containing large amounts of hydrateable clay, the above systems only provide 
partial inhibition of shale hydration. 

Performance is therefore not adequate to meet the requirements of reactive 
drilling in sections where oil mud would be used. 

An improvement in the performance of water based mud has been seen with the 
introduction of cationic mud systems. 

In such fluids cationic polymers are used to replace conventional anionic 
polymers with the result that much stronger adsorption to the shale surface 
takes place and inhibition is improved. 

Products include cationic starch, cationic polyacrylamide, polyamines and other 
water soluble materials. 

« 

However, such systems have a number of problems which limits their use: 

i. The cationic polymers used are not compatible with conventional anionic 
polymers such as fluid loss additives. A complete mud system rather than 
a simple additive therefore requires production. 

ii. Many of the cationic polymers have biocidal and toxicity problems related 
to their strong adsorption to proteinaceous surfaces which is of concern 
for offshore use. 

iii. The need to supply viscosifier, fluid loss additive and encapsulating 
polymer on the basis of compatibility with each other results in very 
expensive fluids. 
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It would be desirable if a polymer could be introduced to a conventional mud 
system which had the properties of cationic polymers, that is strong adsorption 
to shale, but was non-toxic and compatible with anionic polymers. 

This is the basis of the current invention. 

We have found that homopolymers of polyvinyl pyrollidone possess the necessary 
cationic character to adsorb strongly to shales and provide inhibition in water 
based fluids but are fully compatible with conventional mud polymers and from 
the recorded literature are non-toxic. 

Their usefulness may be illustrated in the following tests: 



1. Inhibition of Shale Hydration 

The polyvinyl pyrollidone polymers used in this work are produced by GAF 
Chemicals as PVP K-15, PVP K-30, PVP K-60 and PVP K-90 where increasing numbers 
relate to increasing molecular weight. 

The pyrollidone group consists of a ring containing nitrogen which confers the 
slight cationic properties to the molecule. 

A simple shale test to screen the performance of potential additives involves 
the storage of particles of Wyoming bentonite - a highly reactive clay, in the 
test fluid for a given time and examination of hydration tendencies. 

The test comprises sieving natural ore to a particle size of 1-2 mm, storage of 
5 g of this with 45 g of test fluid at 80 - 95° C for 24 hours after which the 
sample is resieved to recover ore of +1 mm size. 

Reacted shale breaks to a fine powder which is not recovered from the test. 
Inhibition is then ranked on the basis of % shale recovered as +1 mm particles. 



System % Shale Recovery 

Sea water 17 
0.2% PVP K-15 in sea water 36 



PHPA is a conventional polyacrylamide shale inhibitor. PAC is a conventional 
polymer shale inhibitor and fluid loss additive. 

The ability of polyvinyl pyrollidone to effectively prevent shale hydration in 
comparison to standard polymers and the improvement as molecular weight 
increase is clearly seen. 



0.2% PVP K-30 in sea water 
0.2% PVP K-60 in sea water 
0.2% PVP K-90 in sea water 
0.6% PHPA in sea water 



42 
78 
95 
66 
40 



0.3% PAC in sea water 
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2. Compatibility With Anionic PolTmers 

Taking a simple system of sea water containing 4.2% pre-hydrated bentonite as 
viscosifier the compatibility of PVP K-90 with a conventional fluid loss 



additive is demonstrable. 



a. 



Base Mud : 4.2% pre-hydrated bentonite in sea water plus 0.17% PVP 
K-90 

Rheologies: Apparent Viscosity 37 cP 
Plastic Viscosity 19 cP 
Yield Point 17 Pa 

Fluid loss: API method 70 mis 

b« Base Mud + 0.3% Staflo Exlo polyanionic cellulose fluid loss reducer: 

Rheologies: Apparent Viscosity 37 cP 
Plastic Viscosity 21 cP 
Yield Point 15 Pa 

Fluid loss: API method 11.5 mis 

c. Mud b. at 100°C for 16 hours: 

Rheologies: Apparent Viscosity 27 cP 
Plastic Viscosity 17 cP 
Yield Point 10 Pa 

Fluid loss: API method 13 mis 

In combination with a conventional fluid loss additive PVP K-90 therefore 
maintains compatibility and is stable to temperature. 

3. Whole Mud Properties 

The ability of PVP K-90 to enhance basic fluid properties is given in the 
following series of tests using a simple sea water mud. 

Formulation: 0.4% Staflo R (PAC viscosifier and fluid loss additive) 
0.4% XC polymer (Xanthan viscosifier) 
1.4% Drilled solids (OCMA base clay) 
Sea water 
pH 9.3 

Fluid made to the above formulation with and without the addition of 0.17% PVP 
K-90, rheology and fluid loss determined before and after 16 hours »lling at 
95'C. Shale stability tests conducted according to the procedure in 1. above 
on fluid before and after thermal ageing (BHR, AHR) . 
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Mud properties: 



AV/cP 
PV/cP 
YP/Pa 

API fluid loss/ml 
Shale recovery % 



Base Mud +PVP K-90 



BHR 


AHR 


BHR 


AHR 


40.5 


31.5 


38.5 


26.5 


21 


17 


19 


15 


19 


14 


19 


11 


9.0 


13.5 


8.5 


7.6 


74 


34 


97 


61 



Mud properties remain good with a significant improvement in shale recovery. 

sS i 7„\; P K 3 ; r f 0 - llid0ne the . refore has 'he ability to considerably improve the 

S m lbltl ^ g P r °P«rtiea of aqueous based mud systems but allow? the 
continued use of conventional anionic fluid loss additives 



Cont.../.. 



CLAIMS 



What is claimed is: 
1 



2. 

3, 

4. 



A drilling fluid system containing a homopolyaer of polyvinyl pyrollidone 
(PVP) used as a shale inhibiting additive. 

greater than 1,000,000. 

riaims 1-3 which may include an anionic 
A drilling fluid according to Claims i ^ wmwi a 

polymeric viscosifier. 

5 A drilling fluid according to Claims 1-4 which may include an anionic 
polymeric fluid loss additive. 

6. A drilling fluid according to Claims 1-5 which may contain polymeric 
viscosifiers. 

.... a- „ rbims 1-6 which may contain a weighting 

7, A drilling fluid according to Claims i o wmcu m jr 

agent such as barite. 
8 A drilling fluid according to Claims 1-7 in which there may he present 

soluble salts dissolved in the aqueous phase. 
9. A drilling fluid according to Claims 1-8 which may contain clay as a 

gelling aid. 

,0. A Mill* fhU accord to CUta. W [h »hich -r ta P r.«nt other 
treatment additives to control mud stability. 

11. A drilling fluid according to Claims 1-10 which is substantially 
inhibit ive to shale. 

12. A drilling fluid according to Claims Ml which may be used to drill and 
complete wells at onshore and offshore sites. 
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